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HEAD-PROTECTING AIRBAG AND HEAD-PROTECTING 

AIRBAG DEVICE 

BACKGROUND 

[0001] The present invention relates to an airbag for protecting the head of 
an occupant, and particularly to a head-protecting airbag which inflates over 
the side window of a side door inside a vehicle in the event of rollover or a 
side impact. The present invention also relates to a head-protecting airbag 
device including such a head-protecting airbag. 

[0002] Airbags for protecting the heads of vehicle occupants are installed 
near the corners between the roof and the lateral surfaces inside the vehicle. 
These airbags are inflated over the window of a side door by gas introduced 
through a gas inlet. 

[0003] Japanese Unexamined Patent Application Publication No. 2001- 
328503 (incorporated by reference herein) discloses an airbag having a 
primary chamber and a secondary chamber. In the airbag according to this 
Japanese Unexamined Patent, gas discharged from a gas generator is 
introduced into the primary chamber. When the internal pressure of the 
primary chamber reaches a predetermined value, a tear seam breaks to 
transfer the gas from the primary chamber into the secondary chamber. 

[0004] As shown in Fig. 7 of Japanese Unexamined Patent Application 
Publication No. 2001-328503, the internal pressure of the chambers changes 
suddenly when the tear seam breaks. 

[0005] Accordingly, there remains a need for a head-protecting airbag and a 
head-protecting airbag device that exhibit a gentle change in internal pressure 
of the chambers and facilitate the adjustment of the internal pressure of the 
primary chamber. 
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SUMMARY OF THE INVENTION 

[0006] According to an embodiment of the present invention, an airbag for 
protecting the head of an occupant in a vehicle is provided. The head- 
protecting airbag is inflatable over an in-vehicle lateral surface. The head- 
protecting airbag includes at least one, primary chamber which is inflated by 
gas discharged from a gas generator and a secondary chamber which is 
inflated by gas transferred from the primary chamber. The primary chamber 
is separated from the secondary chamber by an air-permeable panel, through 
which gas in the primary chamber is introduced to the secondary chamber, 
thereby inflating the secondary chamber. 

[0007] According to another embodiment of the present invention, a head- 
protecting airbag device is provided. The head-protecting airbag device 
includes a head-protecting airbag as described above and gas generating 
means for generating gas to inflate the head-protecting airbag. 

[0008] The head-protecting airbag described above inflates as follows. The 
primary chamber inflates and then gas passing through the air-permeable 
panel flows into the secondary chamber, which is thus inflated. The internal 
pressure of the chambers changes gently, since the secondary chamber is 
inflated by gas which has passed through the air-permeable panel. 
Furthermore, the internal pressure of the primary chamber can easily be 
adjusted by selecting the air permeability of the air-permeable panel. 

[0009] An airbag according to one embodiment of the present invention 
includes a first panel, a second panel, and the foregoing air-permeable panel 
disposed between the first panel and the second panel. Between the first 
panel and the air-permeable panel is formed at least one primary chamber. 
Between the second panel and the air-permeable panel is formed a 
secondary chamber. According to this aspect, the airbag abruptly inflates 
over an in-vehicle lateral surface with a lower thickness during inflation, 
followed by the inflation of the secondary chamber. 
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[0010] In this structure, at least one portion, but other than the periphery, of 
the air-permeable panel may be connected to the first panel. This limits the 
inflation thickness of the primary chamber. 

[0011] An airbag according to another embodiment of the present invention 
includes a first panel adjacent to the vehicle body, a second panel adjacent to 
an occupant, and the foregoing air-permeable panel that connects the first 
panel to the second panel. The airbag has a primary chamber above the air- 
permeable panel and a secondary chamber below the air-permeable panel. 
In this airbag having the above-described structure, the air-permeable panel 
restrains the protrusion of the second panel, thereby limiting the thickness of 
the airbag during inflation. 

[0012] As described above, the present invention provides a head- 
protecting airbag and a head-protecting airbag device that exhibit a gentle 
change in internal pressure of chambers and facilitate the adjustment of the 
internal pressure of a primary chamber. 

[0013] It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory only and are 
not restrictive of the invention claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Figure 1 is a front view of a head-protecting airbag according to an 
embodiment of the present invention. 

[0015] Figure 2(a) is a cross sectional view of the head-protecting airbag 
taken along line A-A in Fig. 1 . 

[0016] Figure 2(b) is a cross sectional view of the head-protecting airbag 
taken along line B-B in Fig. 1 . 
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[0017] Figure 3 is a cross sectional view of the head-protecting airbag in 
Figs. 1 and 2 showing the airbag supporting the head of an occupant. 

[0018] Figure 4(a) is a cross sectional view of a head-protecting airbag 
according to an embodiment of the present invention. 

[0019] Figure 4(b) is a cross sectional view of the head-protecting airbag of 
Fig. 4(a) showing the airbag supporting the head of an occupant. 

[0020] Fig. 5 is a cross sectional view of a head-protecting airbag according 
to an embodiment of the present invention. 

DETAILED DESCRIPTION 

[0021] Embodiments according to the present invention will be described 
with reference to the attached drawings. In the description below, the 
longitudinal direction is identical to that of a vehicle in which the head- 
protecting airbag is mounted, and the vertical direction is identical to that of 
the head-protecting airbag in an expanded state inside the vehicle. 

[0022] Fig. 1 is a front view of a head-protecting airbag according to an 
embodiment of the present invention. Figs. 2(a) and 2(b) are sectional views 
taken along lines A-A and B-B, respectively, in Fig. 1. Fig. 3 js a sectional 
view of the head-protecting airbag in typical operation when it receives a load. 

[0023] The head-protecting airbag 1 (may be referred to as the airbag 
hereinafter) extends along a lateral edge of the roof of a vehicle from the A 
pillar to the C pillar. In the event of a side impact or rollover of the vehicle, the 
airbag 1 inflates to expand over an in-vehicle lateral surface like a curtain, 
thus receiving the heads of occupants in the front seat and the rear seat. 
Consequently, the airbag 1 prevents the heads of the occupants from 
bumping against the in-vehicle lateral surface or from being thrown out of an 
open window. 
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[0024] The airbag 1 includes two panels of substantially the same shape, one 
facing the in-vehicle lateral surface or vehicle body and the other facing the 
vehicle cabin. The panel adjacent to the vehicle body is a first panel 1 1 , and 
the panel adjacent to the occupants or cabin is a second panel 12. The 
airbag 1 further includes an air-permeable panel 10 between the first panel 11 
and the second panel 12. The panels 10, 1 1, and 12 are joined together at 
linear connected portions 13, 50, and 51 to thereby form two chambers, a 
primary chamber and a secondary chamber. The panels 10 and 11 are tied 
together at linear connected portions 14, 15, 16, and 17 and circular 
connected portions 40, 41, 42, 43, and 44. In this manner, a gas inlet 20; 
cushion cells 21 , 22, 23, 24, 25, 26, 27, 28, and 29 (primary chamber cell 
group); and a cushion chamber 58 (secondary chamber) are formed. The air- 
permeable panel 10 also has substantially the same shape as the panels 11 
and 12. 

[0025] The linear connected portion 13 extends around the peripheries of the 
panels 10, 11, and 12. Both ends 13e of the linear connected portion 13 
extend substantially in parallel to each other in the middles of the upper sides 
of the panels 1 0, 1 1 , and 1 2 to form the gas inlet 20 between the panels 1 0 
and 1 1 . The cushion cell 21 longitudinally extends between the panels 10 
and 1 1 along the upper side of the linear connected portion 1 3, and the 
cushion cell 24 longitudinally extends between the panels 10 and 11 along the 
lower side of the linear connected portion 13. The front part (left part in Fig. 1) 
of the linear connected portion 13 extends in a substantially C-shape to form 
the cushion cell 23 between the panels 10 and 11. 

[0026] The linear connected portion 14 extends' in a larger U-shape in the 
front half of the airbag 1 , whereas the linear connected portion 1 5 extends in a 
smaller U-shape inside the linear connected portion 14. 

[0027] The linear connected portion 16 extends in a substantially rectangular 
shape in the middle in the longitudinal direction of the airbag 1. The linear 
connected portion 17 extends in a substantially J-shape in the rear part of the 
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airbag 1 . The lower end (rear end) of the linear connected portion 17 
connects to the linear connected portion 13. The panels 10 and 1 1 are joined 
together at these linear connected portions 14, 15, 16, and 17. 

[0028] The upper ends of the linear connected portions 14, 15, and 17 
connect to the reinforcing circular connected portions 40, 41, 42, 43, and 44. 
At these circular connected portions 40, 41 , 42, 43, and 44, the panels 10,11, 
and 12 may be joined together or the panels 1 0 and 1 1 only may be joined 
together. The circular connected portions 40, 41 , 42, 43, and 44 and the 
upper side of the linear connected portion 16 are disposed below the upper 
side of the linear connected portion 1 3 by a predetermined distance to form 
the cushion cell 21 between the panels 1 0 and 11. In other words, the 
cushion cell 21 is surrounded by the circular connected portions 40, 41, 42, 
43, and 44; the upper side of the linear connected portion 16; the upper side 
portion of the linear connected portion 13; the panel 10; and the panel 11. 

[0029] The cushion cells 22, 25, 26, 27, 28, and 29 are defined by the panels 
10 and 11 so as to merge with the cushion cell 21 formed thereabove. The 
cushion cell 22 is formed between the front end portion of the linear 
connected portion 14 and the front part of the linear connected portion 13, the 
cushion cell 25 is formed between the linear connected portions 14 and 15, 
and the cushion cell 26 is formed inside the linear connected portion 15. The 
cushion cell 27 is formed between the rear part of the linear connected portion 
14 and the front part of the linear connected portion 16. The cushion cell 28 is 
formed between the rear part of the linear connected portion 16 and the linear 
connected portion 17. The cushion cell 29 is formed between the linear 
connected portion 17 and the rear part of the linear connected portion 13. 

[0030] The cushion cell 24 is defined by the panels 10 and 1 1 , and is formed 
below the linear connected portions 14, 16, and 17 but above the lower side 
portion of the linear connected portion 13. The cushion cell 24 merges with 
the cushion cells 22, 27, 28, and 23. 
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[0031] The secondary chamber 58 is defined by the second panel 12 
(cushion chamber) and the air-permeable panel 10. 

[0032] The panels 10, 11, and 12 are joined together at the linear connected 
portions 50 in the front periphery and the upper periphery of the airbag 1. The 
major parts of the linear connected portions 50 extend in parallel to the 
peripheral edges of the panels 10, 11, and 12. Some parts of the linear 
connected portions 50 extend substantially perpendicular to the peripheral 
edges to form the linear connected portions 51 connecting to the peripheral 
edges of the panels 10, 11, and 12. Between each pair of parallel linear 
connected portions 51 is provided an insertion hole 52 for fittings such as 
bolts and rivets. The airbag 1 is secured to the vehicle body with bolts 
through these insertion holes 52. 

. [0033] The airbag 1 is disposed such that its front end is adjacent to the A 
pillar, its rear end is adjacent to the C pillar, and its upper side is adjacent to 
the lateral edge of the roof. The airbag 1 is disposed in a folded state inside a 
holder (not shown) for the airbag 1 on the vehicle body, so as to extend in an 
elongated manner along the longitudinal direction of the vehicle. The gas inlet 
20 is connected to a gas tube or a gas generator. 

[0034] The airbag 1 folded in the holder on the vehicle body is covered with a 
covering such as a pillar trim piece or a roof trim piece. This covering is 
forced open by the inflating airbag 1 to allow the airbag 1 to expand into the 
vehicle cabin. 

[0035] The operation of a head-protecting airbag device including the above- 
described airbag 1 will now be described. 

[0036] In the event of a side impact or rollover of a vehicle, the gas generator 
is activated to supply gas into the cushion cells 21, 22, 23, 24, 25, 26, 27, 28, 
and 29 (primary chamber cell group), thus inflating the airbag 1 . The inflating 
airbag 1 forcibly pushes the covering open and expands downward like a 
curtain over the in-vehicle lateral surface between the vehicle occupants and 
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the in-vehicle lateral surface. In this case, the cushion cells 21, 22, 23, 24, 
25, 26, 27, 28, and 29 (primary chamber cell group) between the panels 10 
and 1 1 are inflated and then the secondary chamber 58 between the panels 
10 and 12 is inflated by gas which has passed through the air-permeable 
panel 10. Consequently, the airbag 1 prevents the occupants from bumping 
directly against the pillars or the window glass or from being thrown out of an 
open window. 

[0037] According to the head-protecting airbag 1 , the air permeability of the 
air-permeable panel 10 can be properly determined so that when the internal 
pressure of the inflated cushion cells 21 , 22, 23, 24, 25, 26, 27, 28, and 29 
(primary chamber cell group) reaches a predetermined value as a result of the 
load of the head H of an occupant as shown in Fig. 3, gas in the primary 
chamber (the cushion cell 29 in Fig. 3) starts to flow into the secondary 
chamber 58. Thus, the impact of the head of the occupant can be absorbed 
satisfactorily. 

[0038] In the airbag 1 described above, gas flows from the primary chamber 
cell group into the secondary chamber 58 through the air-permeable panel 10. 
Such gas, however, does not leak out of the airbag 1. Therefore, the internal 
pressure of the cushion cells 21 , 22, 23, 24, 25, 26, 27, 28, and 29 is 
maintained at an appropriate level for a long time, thus allowing the airbag 1 
to function as a head protector of the occupants for an extended period of 
time. 

[0039] While the airbag 1 shown in Figs. 1 to 3 has the secondary chamber 
58 adjacent to the occupant, the secondary chamber 58 may be adjacent to 
the vehicle body as with a head-protecting airbag V shown in Fig. 4. Fig. 4(a) 
is a sectional. view corresponding to Fig. 2(a) showing the inflated airbag 1, 
and Fig. 4(b) is a sectional view corresponding to Fig. 3 showing the airbag 1 
receiving the head H of an occupant. 
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[0040] The airbag V also includes the first panel 1 1 adjacent to the vehicle 
body, the second panel 12 adjacent to the occupants, and the air-permeable 
panel 10 between the first panel 11 and the second panel 12. The panels 10, 
11, and 12 are joined together at the linear connected portions 13, 50, and 51. 
The panels 10 and 12 are joined together at the linear connected portions 14, 
15, 1 6, and 1 7 and the circular connected portions 40, 41 , 42, 43, and 44. In 
this manner, the gas inlet 20; the cushion cells 21 , 22, 23, 24, 25, 26, 27, 28, 
and 29 (primary chamber cell group) adjacent to the occupants; and the 
cushion chamber (secondary chamber) 58 adjacent to the vehicle body are 
formed. Fig. 4 shows only the panels 10, 11, and 1 2; the linear connected 
portions 13 and 17; and the cushion cells 28, 29, and 58. However, the 
panels 10, 11, and 12 are joined together at the linear connected portions 13, 
14, 15, 16, 17, 50, and 51 and the circular connected portions 40, 41, 42, 43, 
and 44, thus defining the cushion cells 21, 22, 23, 24, 25, 26, 27, 28, 29 and 
the cushion chamber 58 in the same manner as with the airbag 1 shown in 
Figs. 1 to 3. The cushion cells 21 , 22, 23, 24, 25, 26, 27, 28, and 29 of the 
airbag 1' are arranged as shown in Figs. 1 to 3, but are defined between the 
panels 10 and 12 instead of between 10 and 11. The other components of 
the airbag 1' are also as shown in Figs. 1 to 3. 

[0041] According to a head-protecting airbag device including the above- 
described airbag. 1', in the event of a side-on collision or roll-over of a vehicle, 
the gas generator is activated to supply gas into the cushion cells 21 , 22, 23, 
24, 25, 26, 27, 28, and 29 (primary chamber cell group) of the airbag 1 \ thus 
inflating the airbag 1\ The inflating airbag V forcibly pushes the covering 
open and expands downward like a curtain over the in-vehicle lateral surface 
between the vehicle occupants and the in-vehicle lateral surface, as shown in 
Fig. 4(b). In this case, the cushion cells 21, 22, 23, 24, 25, 26, 27, 28, and 29 
(primary chamber cell group) between the panels 10 and 12 are inflated and 
then the secondary chamber 58 between the panels 10 and 1 1 is inflated by 
gas which has passed through the air-permeable panel 10. Consequently, 
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the airbag V prevents the occupants from bumping directly against the pillars 
or the window glass or from being thrown out of an open window. 

[0042] According to the head-protecting airbag 1\ the inflated cushion cells 
21, 22, 23, 24, 25, 26, 27, 28, and 29 (primary chamber cell group) directly 
receive the head H of an occupant, as shown in Fig. 4(b). The air 
permeability of the air-permeable panel 10 can be properly determined so that 
when the internal pressure of the cushion cells 21, 22, 23, 24, 25, 26, 27, 28, 
and 29 (primary chamber cell group) reaches a predetermined value as a 
result of the load of the head, gas in the primary chamber (the cushion cell 29 
in Fig. 4(b)) starts to flow into the secondary chamber 58. Thus, the impact of 
the head of the occupant can be absorbed satisfactorily. 

[0043] In the airbag V described above, gas flows from the primary 
chamber cell group into the secondary chamber 58 through the air-permeable 
panel 10. Such gas, however, does not leak out of the airbag 1\ Therefore, 
the internal pressure of the cushion cells 21, 22, 23, 24, 25, 26, 27, 28, and 29 
is maintained at an appropriate level for a long time, thus allowing the airbag 
V to function as a head protector of the occupants for an extended period of 
time. 

[0044] Fig. 5 is a sectional view of a head-protecting airbag according to still 
another embodiment. 

[0045] According to this embodiment, a first panel 61 and a second panel 
62 are joined together at a linear connected portion 70 to form an airbag 1A. 
The airbag 1A has therein an air-permeable panel 60 joined to the panels 61 
and 62 at linear connected portions 71 . The airbag 1 A further includes a 
primary chamber 63 and a secondary chamber 64 separated from each other 
by the air-permeable panel 60. 

[0046] According to the head-protecting airbag 1A in Fig. 5, the internal 
pressure of the primary chamber 63 increases if an occupant's head bumps 
against the primary chamber 63, causing the gas to flow into the secondary 
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chamber 64 through the air-permeable panel 60. Thus, the impact of the 
head of the occupant can be absorbed satisfactorily. As with the airbag 1 
according to the first embodiment, gas does not leak out of the airbag 1 A, and 
therefore the internal pressure of the airbag 1A is maintained at ah 
appropriate level for a long time. 

[0047] In Fig. 5, the two chambers, i.e., the upper chamber 63 and the lower 
chamber 64 are defined by one air-permeable panel 60; however, air- 
permeable panels may be used to define three or more chambers arranged 
vertically. 

[0048] The present invention is typically described with reference to, but not 
limited to, the airbags according to the foregoing embodiments. For example, 
the size or shape of the airbags is hot limited to those shown in the drawings. 

[0049] As described above, the present invention provides a head- 
protecting airbag and a head-protecting airbag device that exhibit a gentle 
change in internal pressure of chambers and facilitate the adjustment of the 
internal pressure of a primary chamber. 

[0050] The priority documents, Japanese Patent Application No. 2002- 
366958, filed December 18, 2002, and Japanese Patent Application No. 
2003-333345, filed September 25, 2003, are hereby incorporated by 
reference. 

[0051] Given the disclosure of the present invention, one versed in the art 
would appreciate that there may be other embodiments and modifications 
within the scope and spirit of the invention. Accordingly, all modifications 
attainable by one versed in the art from the present disclosure within the 
scope and spirit of the present invention are to be included as further 
embodiments of the present invention. The scope of the present invention is 
to be defined as set forth in the following claims. 
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